GDC-0941 inhibits metastatic characteristics of thyroid carcinomas by targeting both the phosphoinositide-3 kinase (PI3K) and hypoxia-inducible factor-1α (HIF-1α) pathways.
Phosphoinositide 3-kinase (PI3K) regulates the transcription factor hypoxia-inducible factor-1 (HIF-1) in thyroid carcinoma cells. Both pathways are associated with aggressive phenotype in thyroid carcinomas. Our objective was to assess the effects of the clinical PI3K inhibitor GDC-0941 and genetic inhibition of PI3K and HIF on metastatic behavior of thyroid carcinoma cells in vitro and in vivo. Vascular endothelial growth factor ELISA, HIF activity assays, proliferation studies, and scratch-wound migration and cell spreading assays were performed under various O(2) tensions [normoxia, hypoxia (1 and 0.1% O(2)), and anoxia] with or without GDC-0941 in a panel of four thyroid carcinoma cell lines (BcPAP, WRO, FTC133, and 8505c). Genetic inhibition was achieved by overexpressing phosphatase and tensin homolog (PTEN) into PTEN-null cells and by using a dominant-negative variant of HIF-1α (dnHIF). In vivo, human enhanced green fluorescence protein-expressing follicular thyroid carcinomas (FTC) were treated with GDC-0941 (orally). Spontaneous lung metastasis was confirmed by viewing enhanced green fluorescence protein-positive colonies cultured from lung tissue. GDC-0941 inhibited hypoxia/anoxia-induced HIF-1α and HIF-2α expression and HIF activity in thyroid carcinoma cells. Basal (three of four cell lines) and/or hypoxia-induced (four of four) secreted vascular endothelial growth factor was inhibited by GDC-0941, whereas selective HIF targeting predominantly affected hypoxia/anoxia-mediated secretion (P < 0.05-0.0001). Antiproliferative effects of GDC-0941 were more pronounced in PTEN mutant compared with PTEN-restored cells (P < 0.05). Hypoxia increased migration in papillary cells and cell spreading/migration in FTC cells (P < 0.01). GDC-0941 reduced spreading and migration in all O(2) conditions, whereas dnHIF had an impact only on hypoxia-induced migration (P < 0.001). In vivo, GDC-0941 reduced expression of HIF-1α, phospho-AKT, GLUT-1, and lactate dehydrogenase A in FTC xenografts. DnHIF expression and GDC-0941 reduced FTC tumor growth and metastatic lung colonization (P < 0.05). PI3K plays a prominent role in the metastatic behavior of thyroid carcinoma cells irrespective of O(2) tension and appears upstream of HIF activation. GDC-0941 significantly inhibited the metastatic phenotype, supporting the clinical development of PI3K inhibition in thyroid carcinomas.